Abstract: A carcinogen-resistant inbred strain DRH/Sea has been developed from the Crj:Donryu strain. The rats had a very low incidence of liver tumors when they were fed diets containing a hepatocarcinogen such as 3'-methyl-4-dimethylamino-azobenzene (3'-Me-DAB). Despite using 3'-Me-DAB during the stage of selection, the DRH/Sea rats developed normally, reproduced and did not have any spontaneous tumor in the lung, liver or uterus at over 1 year of age. Although their growth curves were similar to the Crj:Donryu rats, the progression of polyploidization in the liver was significantly delayed when compared with Crj:Donryu rats. Mitogenic changes that occurred in the liver caused by either 3'-Me-DAB or lead nitrate were less significant in the DRH rats than in Crj:Donryu rats. Furthermore, the growth rate of cultured fibroblasts derived from the DRH rats was slower than that of Crj:Donryu rats. These results, together with our previous results, suggest that slow growth potential is present under certain conditions in DRH rats. These findings may explain partly the meaning of the different susceptibility to hepatocarcinogens. Key words: carcinogen-resistant rat, DRH/Sea, growth potential, ploidy but also in the uterus and via the milk. A pair of 12-week-old rats from the same litter were inbred and the rests were employed occasionally for the examination of either GGT-induction or hepatocarcinogenesis caused by 3'-Me-DAB. Therefore, many groups for inbreeding were maintained simultaneously, that is, more than 40 family lines on occasions. During this process, litters of rats that were premature at birth or grew poorly (Received 5 April 1999 / Accepted 8 July 1999 Corresponding address: K. Higashi, Department of Biochemistry, School of Medicine, University of Occupational and Environmental Health, Yahatanishiku, Japan Carcinogen-resistant rats were first isolated from Crj:Donryu rats (Charles River Japan, Inc.) based on examination of selective markers such as reduced induction of γ-glutamyltranspeptidase (GGT) and a very low incidence of liver tumors due to 3'-methyl-4-dimethylaminoazobenzene (3'-Me-DAB) [10, 11] . Briefly, all the rats were exposed continuously to 3'-Me-DAB and its metabolites not only after weaning
but also in the uterus and via the milk. A pair of 12-week-old rats from the same litter were inbred and the rests were employed occasionally for the examination of either GGT-induction or hepatocarcinogenesis caused by 3'-Me-DAB. Therefore, many groups for inbreeding were maintained simultaneously, that is, more than 40 family lines on occasions. During this process, litters of rats that were premature at birth or grew poorly Carcinogen-resistant rats were first isolated from Crj:Donryu rats (Charles River Japan, Inc.) based on examination of selective markers such as reduced induction of γ-glutamyltranspeptidase (GGT) and a very low incidence of liver tumors due to 3'-methyl-4-dimethylaminoazobenzene (3'-Me-DAB) [10, 11] . Briefly, all the rats were exposed continuously to 3'-Me-DAB and its metabolites not only after weaning were excluded. The frequency of appearance of such rats decreased progressively in successive generations. After 20 generations of inbreeding, biochemical and immunogenetical examination of standard polymorphic loci was carried out on 4 family lines and showed that one family line was homozygous for the genetic markers. The rat strain was different from both DON/Kyo and DON/Ham (data not shown) and designated as DRH/Sea. The inbred DRH strain was maintained without 3'-Me-DAB after 20 generations of inbreeding (Seac Yoshitomi, Ltd., Fukuoka). No tumors were observed in the lung, liver or uterus after feeding with a normal diet (MF, Oriental Yeast, Co., Ltd. Tokyo) until at least 57 weeks of age in 9 rats with 6 different dates of birth. The growth curves of DRH/Sea rats were similar to their parental strain Crj:Donryu, that is, DRH/sea, male (n=20): 345 ± 15.0 (g) and female (n=20): 221 ± 10.4(g; mean ± S.D.) at 10 weeks of age, respectively.
Prototypical results of hepatocarcinogenesis are shown in Table 1 . Male 6-week-old DRH/Sea and Crj:Donryu rats were fed diets containing 0.06% 3'-Me-DAB for 4 weeks followed by normal diets for 2 weeks, and then diets containing 0.05% phenobarbital for 33 weeks. All 8 Crj: Donryu rats had liver tumors, but no tumors were macroscopically detected in the livers of the DRH/Sea rats under these conditions.
In the rat liver, growth during normal development is characterized by progressive polyploidization and decreased fraction of diploid hepatocytes [5] . Nuclei were prepared from the livers of 9-week-old male rats [1] of DRH/Sea and Crj:Donryu strains and their DNA contents were analyzed by cytoflowmetry after staining with propidium iodide [4] . Surprisingly, polyploidization of hepatocytes in DRH/Sea rats was significantly suppressed when compared with that of Crj:Donryu rats at the same age (Fig. 1 ). After treatment with 3'-Me-DAB, however, a significant increase in the fraction of diploid hepatocytes was found in Crj:Donryu rats, which is commonly observed during hepatocarcinogenesis in rodents, probably due to the proliferation of small round cells containing diploid nuclei [6, 8] . On the contrary, few changes in the ploidy pattern were observed in the DRH/Sea rat livers (Fig. 1) .
A single intravenous injection of lead nitrate (100 µmoles/kg) into rats induced a synchronous wave of hepatocyte proliferation [2] . In this study, the incorporation of [ 3 H]-thymidine into hepatic DNA in DRH/Sea rats was greatly reduced when compared with that of Crj:Donryu rats ( Fig. 2A) . Previously we observed delayed appearance of the peak of DNA synthesis after partial hepatectomy in DRH/Sea rats relative to Crj:Donryu rats [3] . These results suggest that DRH/ Sea rats have intrinsic properties that differently regulate the response to some growth stimuli in vivo, although growth of DRH rats was similar to that of Crj:Donryu rats.
We then investigated the growth of DRH rat-derived fibroblasts in vitro. We prepared fibroblasts from the peritoneum of male 7-week-old DRH/Sea and Crj:Donryu rats and estimated their growth rates in culture. During the relatively early stage of culture, that is, between 10 and 15 population doublings, the growth rate of DRH-derived fibroblasts was lower than that of Crj:Donryu rats (Fig. 2B) .
We previously found that similar levels of DNA adducts were generated by the metabolites of 3'-Me-DAB Male 6-week-old rats were fed diets containing 0.06% 3'-Me-DAB for 4 weeks followed by normal diets for 2 weeks, and then diets containing 0.05% phenobarbital for 33 weeks. After fixation of livers in 10% formalin, each lobe of the liver was cut into 2.0-mm-thick slices. Tumor nodules smaller or larger than 2.0 mm in diameter were scored. Confusing tumors, especially small tumor nodules, were confirmed by histological examination of slices. in the livers of DRH/Sea and its parental Crj:Donryu rats [9] . Furthermore, comparable numbers of putatively preneoplastic glutathione S-transferase placental form (GST-P)-positive foci were detected after the SoltFarber protocol [7] , but the area occupied by GST-P-positive lesions in the liver was much greater in Crj:Donryu rats than in DRH/Sea rats [3] . These observations suggested that clonal expansion of GST-P-positive foci was significantly suppressed in DRH/Sea rat livers. These findings, together with our previous results, indicate that blunt growth potential exists under certain conditions in DRH/Sea rats despite normal growth. The slow growth response might be an important factor in the lower incidence of liver tumors caused by chemical carcinogens in DRH/Sea rats than in Crj:Donryu rats. This DRH/Sea strain may be a useful animal model for studying the genetic mechanism of tumor susceptibility.
